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ABSTRACT 


Measurements  of  log10(A/T)  reported  by  the  Inter¬ 
national  Seismic  Centre,  the  Vela  Observatories,  and 
the  Long-Range  Seismic  Measurements  Program  are  used 
to  define  an  amplitude-distance  curve  for  the  maximum 
amplitude  in  the  first  few  seconds  of  motion  for  the 
distance  range  A>90°,  In  general  terms,  the  corre¬ 
sponding  phases  are  P,  Pdiff,  and  PKIKP.  Some  informa 
tion  is  also  obtained,  however,  for  the  phases  PP  and 
PKP2. 
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INTRODUCTION 


Gutenberg  and  Richter  (1956)  compiled  distance- 
amplitude  relations  for  short-period  earthquake  P  and 
phases  in  the  distance  interval  0C<A<110°  and  for  PP 
m  the  distance  interval  0°<A<180°  (see  also  Richter, 
1958),  for  these  data).  While  many  workers  subsequently 
published  modifications  to  Gutenberg’s  curves  for 
regional  distances,  Veith  and  Clawson  (1972),  using 
explosion  data,  were  the  first  to  propose  a  new  curve 
for  P  over  the  entire  teleseismic  range,  0°<A<100°. 

Denson  (1952)  produced  some  PKP  amplitudes,  but 
the  data  were  rather  sparse,  restricted  to  a  few  sta¬ 
tions,  and  from  early  instrumentation  with  poorly 
defined  characteristics.  (See  Figures  1  and  2  and  the 
accompanying  discussion  in  the  text  for  definitions 
of  the  various  phases.)  After  the  introduction  of  the 
WWSSN  instrumentation  several  more  studies  were  forth¬ 
coming.  Subiza  and  BSth  (1964)  concentrated  on  the 
distance  range  120°-140°  in  examining  the  precursors 
to  PKIKP.  They  reported  about  100  PKIKP  amplitudes, 
but  the  events  used  were  pre-1962,  for  which  reported 
mb  values  tend  to  be  unreliable.  Thus  we  could  not 
feel  justified  in  using  their  data  to  determine  an 
absolute  distance-amplitude  scale  without  a  careful 
restudy  of  the  mb  values  for  their  events.  Subiza  and 
Bath  did  not,  of  course,  intend  that  their  amplitude 
data  be  used  for  such  a  purpose. 
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Ergin  (1967)  reported  amplitudes  for  a  few  large 
earthquakes,  but  not  enough  to  make  a  significant  con¬ 
tribution  to  a  distance-amplitude  study. 

Shurbet  (1967)  performed  a  comprehensive  study, 
personally  reading  original  records,  of  PKP  amplitude 
versus  distance  for  the  range  110°-180°.  For  each 
event,  he  used  the  amplitude  of  the  event  at  a  station 
near  125°  to  normalize  all  the  observations  for  that 
event.  He  found  that  it  was  difficult  in  the  caustic 
zone  to  distinguish  the  different  phases,  and  so  gen¬ 
erally  speaking  for  this  distance  range  he  simply 
plotted  the  largest,  amplitude  seen.  This  is  the 
approach  which  we  are  forced  to  take  in  our  use  of 
data  from  the  Bulletin  of  the  International  Seismo- 
logical  Centre  (ISC) ;  thus  his  plots  form  a  valuable 
check  on  our  results.  Outside  the  caustic  zone 
Shurbet  determined  an  average  B  factor  independent 
of  distance.  We  shall  see  that  this  is  a  considerable 
oversimplification,  especially  near  the  shadow  zone. 

Engdahl  (1968)  reported  approximately  70  PKP 
amplitudes  together  with  a  comparable  number  of  PKKP 
and  related  amplitudes  from  two  earthquakes. 

Shahidi  (1968)  measured  maximum  values  of  the  PKP 
group  from  25  shallow  1963  earthquakes  in  the  S.  W. 
Pacific  as  recorded  at  6  stations  in  Sweden,  He  obtained 
a  total  of  about  150  A/T  values  for  the  distance  range 
133°<A<153°.  Variable  instrumentation  and  poor  NOAA 
mb  va^ues  ma^e  this  data  difficult  to  use  for  our 
purposes . 
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Ruprechtova  (1972)  presented  observed  amplitude 
ratios  between  PKIKP,  PKHKP ,  and  PKP2  from  144°  to 
154  using  approximately  100  observations  for  each 
phase.  As  an  overall  average  the  ratios  were  PKHKP/PKIKP 
~  5  for  145°<A<151° ;  and  PKP2/PKIKP2  :  4  for  145°<A< 

154°.  These  results  are  of  substantial  use  in  inter¬ 
preting  the  ISC  data,  although  it  must  be  kept  in  mind 

that  perhaps  10%  of  the  values  for  these  ratios  were 
less  than  1.0. 

Workers  at  IBM  (1971)  have  produced  some  distance- 
amplitude  data  for  PKP,  but  from  only  one  station, 

LASA. 

Qamar  (1973)  has  investigated  the  structure  of 
PKP  phases  near  140°  and  has  reported  amplitudes  for 
five  events.  These  are  not  enough  to  give  a  good 
average  distance-amplitude  curve,  but  the  careful 
readings  by  Qamar  and  others  of  the  many  near-simul- 
taneously  arriving  phases  has  enabled  us  to  better 
interpret  the  ISC  data  we  have  used  to  determine  our 
distance-amplitude  curve.  This  curve  may  be  used  to 
determine  magnitudes.  It  may  also  be  used  to  scale 
codas  in  order  to  determine  the  opportunities  for 
hiding  explosions  in  world-wide  earthquakes. 

Figure  la  is  a  portion  of  the  Jeffreys-Bullen 
travel-time  distance  curves,  using  their  nomenclature 
and  showing  that  the  first  arrival,  P,  changes  to 
diffracted  P  at  approximately  105°.  The  amplitude  is 


-3- 


Figure  la.  Travel-time  figures  for  compres s ional  phases. 


then  greatly  reduced,  the  period  lengthens  to  approxi¬ 
mately  two  seconds,  and  between  105°  and  110°  we  have 
the  classical  shadow  zone.  In  this  zone,  the  largest 
amplitude  wave  is  PP,  a  compressional  wave  singly 
reflected  at  the  surface.  On  short  period  instruments 
its  period  is  characteristically  greater  than  two 
second,  and  thus  it  can  not  obscure  the  P  signal  of 

another  earthquake  as  easily  as  might  be  expected  from 
its  amplitude. 

At  110  the  phase  PKIKP  (sometimes  called  PKP,  p* t 

P  »  0r  P'dF^  beSins  and  the  situation  rapidly  becomes 
complicated  and  controversial.  Figures  lb  and  lc  form 
the  basis  for  the  following  clear  description  of  the 
basic  core  phases  by  Adams  and  Randall  (1964)  : 

ancri  _  ray  wh^ch  leaves  the  focus  at  the  shallowest 

and  ai7  t0  6nter  the  core  corresponds  to  A, 

?u?ve  ABrnF^6  7/^eeper  rayS  trace  the  travel-time 
curve  ABCDEF,  and  have  paths  through  the  Earth  a<; 

shown  in  Figure  lb,  in  which  the  pfints  of  "mergence 

of  rays  that  correspond  to  the  points  labelled  in 

Figure  lc  are  shown  by  dashed  letters.  Rays  co^e- 

oSter^ore0  Jhe  hra"Cl!ernAB  and  BC  Penetrate  only  the 

f  If31  internal  reflection  at  the  boundary  of  the 

penetrate^^?  rayS  that  rePresent  the  branch  DF 

v  t  VP?"6'  S°re;  the  P°int  F  thus  corresponds 
fhe  cusJ  It  r g  diametncally  through  the  Earth. 

with  U?ge  ampiSit2d«“"  1C’  “d  is  therefore  associated 

Figures  2a  from  Ergin  (1967)  and  Figure  2b  (drawn 
from  data  in  Qamar,  1973)  give  a  more  detailed  pic¬ 
ture  and  some  indication  of  the  existing  uncertainty 
and  confusion  in  nomenclature.  Our  detailed  discus- 
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DISTANCE 

Travel-time  figures  for  congressional  phases 


Travel-time  figures  for  compress ional  phases. 


time,  min.  time,  min. 


DISTANCE,  DEG. 

Figure  2a.  Travel-time  curves 
From  Ergin  (1967) . 


DISTANCE,  DEG. 

for  different  core  models. 
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sions  of  this  distance  range  will  generally  be  in  terms 
of  Qamar’s  travel  time  data.  While  PKIKP  is  a  wave 
which  has  traveled  through  the  inner  core  and  is  fairly 
strong,  PKiKP  (a  reflection  from  the  inner  core)  re¬ 
places  it  at  smaller  distances  and  is  very  weak. 

PKHKP  (also  called  Pj  or  P»GH)  begins  around  125°  and 
is,  at  first,  very  weak;  so  that  for  the  range  110°- 
140  one  may  generally  be  confident  that  PKIKP  is  the 
first  arrival  phase  being  read  by  the  average  observer 
at  the  average  site,  although  for  a  large  event  P 
and  PKHKP  will  be  observed.  PKP2  (also  called  p»d)££ 
begins  at  143°-144°  and  both  it  and  PKHKP  arrive  within 
a  few  seconds  of  PKIKP.  So  from  140°  to  150°  it  is 
difficult  to  know  what  phase  the  average  observer  has 


measured  if  he  picks  the  maximum  amplitude  in  the 


first  few  seconds  of  the  signal.  At  distances  greate 
than  150°  it  is  generally  possible  to  decide  if  the 


r 


measured  phase  is  PKP2  by  the  reported  arrival  time, 
although  PKIKP  may  still  be  confused  with  PKHKP  out 


to  perhaps  157°,  where  the  latter's  amplitude  sharply 
decreases. 
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DATA  SELECTION 


Our  principal  data  base  consists  of  the  Inter¬ 
national  Seismological  Centre  (ISC)  bulletins  January- 
June  1970.  Every  shallow  (h<70  km)  event  was  used  for 
which  there  were  two  or  more  log1Q(A/T)  values  reported 
for  A>110° .  In  this  time  period  the  ISC  reported 
loglo(A/T)  values  only  for  the  first  arrivals;  and  by 
their  definitions  these  would  be  P  to  105°  P 
between  105°  and  110°,  and  PKIKP  to  180°.  (^occasion 
we  would  decide  on  the  basis  of  time  residuals  whether 
a  phase  was  PKIKP  or  if  the  first  motion  had  been  missed 
and  the  analyst  had  actually  picked  PKP2  as  first  mo¬ 
tion.  In  this  way  it  was  possible  to  obtain  PKP 
amplitude  data  from  the  ISC  bulletin  when  PKIKP  would 
be  the  true  first  motion. 


Average  B  factors  were  computed  by  subtracting 
the  log10(A/T)  value  from  the  ISC  mb  value,  averaging 
the  resulting  values  over  2.5°  increments  of  distance, 
and  then  plotting  this  average  at  the  mid-point  of 
the  2.5°  increments.  The  same  averaging  procedure  was 
used  for  the  Geotech  data  sources  used  in  this  report. 

In  the  region  between  perhaps  100°-120°,  PP  has 
a  larger  short-period  amplitude  than  the  first  arri¬ 
val.  To  obtain  these  PP  amplitudes  it  was  necessary 
to  use  other  data  sources  than  the  ISC  since,  as 
mentioned  above,  they  report  log10(A/T)  only  for  the 
first  arrivals.  We  chose  to  use  the  data  of  Geotech 
(1963-1968)  consisting  of  phase  readings  at  BMO,  CPO, 
TFO ,  UBO  and  WMO  between  July  18,  1963  and  December 
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31,  1968.  Another  Geotech  data  source  consisted  of 
the  station  bulletins  of  the  Long-Range  Seismic 
Measurements  Program  (1962-1967).  For  those  events 
from  August  18,  1963  through  December  1967  which  had 
two  or  more  phase  readings  for  distances  greater  than 
110°  we  reviewed  the  NOAA  Earthquake  Data  Reports  to 
find  if  the  reported  mb  values  were  reliable.  We  re¬ 
quired  that  there  be  three  or  more  amplitudes  reported 
and  used  in  the  magnitude  determination  in  the  distance 
interval  20°<A<105°.  If  amplitudes  for  A<20°  had  been 
used  in  the  magnitude  determination,  we  removed  them 
and  recomputed  the  magnitudes.  Also  we  generally 
used,  in  the  recomputed  magnitudes,  the  reported  ampli¬ 
tude  values  which  the  NOAA  had  discarded  as  outlying 
values.  Discarding  the  amplitudes  for  A<20°  is 
generally  a  wise  procedure  since  Gutenberg's  B  factors, 
used  by  NOAA,  are  not  accurate  for  these  distances; 
see  for  example  Veith  and  Clawson  (1972).  Using  out¬ 
lying  magnitudes  is  justified  because,  if  looked  at 


m  terms  of  a  log-normal  distribution,  one  can  not 


usually  reject  the  hypothesis  that  the  outliers  are 
members  of  the  overall  population.  In  any  event  only 
9  -vent  magnitudes  were  changed  and  by  an  average 
amount  of  -.25  mb>  These,  then,  were  the  magnitudes 
firm  which  the  loglfl(A/T)  values  were  subtracted  to 
determine  the  PP  dis tance- amplitude  relation. 


Appendix  I  presents  the  135  earthquakes  used  with 
the  ISC  data  and  Appendix  II  is  the  same  for  the  45 

earthquakes  used  with  the  Geotech  data  used  to  determine 
the  PP  amplitudes. 
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RESULTS 


Figure  3  gives  the  principal  results  of  the  pre¬ 
sent  work  as  curves  drawn  by  hand  through  the  ISC  data 
of  amplitude  versus  distance  for  P,  Pdi££,  and  several 
compress ional  core  phases.  Table  I  and  II  give  the 
corresponding  "B"  factors.  A  straight  line  approxi¬ 
mation  to  the  Geotech  PP  data  is  also  shown. 

Between  90°  and  100°  the  curve  is  in  good  agree¬ 
ment  with  Veith  and  Clawson's  (1972)  distance-amplitude 
curve  for  a  depth  of  40  km  (corrected  for  reference  to 
zero-to-peak  amplitudes)  suggesting  that  the  ISC  data 
used  have  no  substantial  bias.  In  the  distance  inter¬ 
val  90 ° <A<105°  the  only  ISC  data  used  was  01  April 
through  08  April  1970,  and  the  full  months  of  May  and 
June  since  more  than  enough  data  was  available  during 
the  smaller  time  period  for  our  purposes. 

In  the  upper  portion  of  Figure  3  we  give  the  number 
of  observations  for  each  phase  in  each  2.5°  interval. 

The  averages  over  these  intervals  are  given  as  points 
in  Figures  3  and  4.  The  smooth  curve  in  Figure  4  is  the 
same  as  in  Figure  3.  It  is  apparent  that  the  erratic 
average  values  are  for  intervals  where  there  are  few 
data  points.  We  note  that  the  first  motion  does  not 
recover  to  its  amplitude  at  90°-95°  until  about  143°. 

In  Figure  4  we  see  that  the  scatter  in  ampli¬ 
tudes  is  quite  large.  A  typical  standard  deviation, 
assuming  a  log-normal  distribution,  is  about  0.35 


'  LEGEND  1  1  1 

P.  Prfiff.  PKIKP  ISC  EVENTS(0-70  km)(SMDOTHED  AVERAGE) 
PKIKP,  PKHKP,  PKPj.DR  PKP,  ISC  EVENTS  (D-70  kmWSMDI 


Phase 

P 


TABLE  I 

Table  of  Distance  Factors  (B)  for  Shallow  Events  for  Phases 
P’  rdiff*  PKIKP  or  PKHKP,  and  PKP2  (from  Figures  3  and  4) 


Distance 

(deg) 


4.065 

4.120 

4.175 

4.2  30 

4.300 

4. 360 

4.425 

4.480 

4.535 

4.590 

4.640 

4.705 

4.780 

4,860 

4.980 

5.125 

5.225 

5.200 

5.025 

4.820 

4.750 

4.715 

4.675 


Phase 

PKIKP 


Dis  tance 
(deg) 


Phase 


138 

139 

140 

PKIKP 

141 

or 

142 

PKHKP 

14  3 

PKIKP 

144 

or 

145 

PKHKP 

146 

or 

147 

PKP2 

148 

Dis  tance 
(deg) 


4.280  PKIKP 

160 

4,175 

4.250 

161 

4.185 

4.225 

162 

4.185 

4,215 

163 

4.185 

4,225 

164 

4,175 

4.250 

165 

4.175 

4.290 

166 

4.175 

4.350 

167 

4.175 

4, 390 

168 

4,170 

4,410 

169 

4.160 

4.410 

170 

4.160 

4.400 

171 

4,160 

4.390 

172 

* 

4.375 

173 

* 

4.365 

174 

* 

4.350 

175 

* 

4.250 

176 

* 

4.015 

177 

* 

3.650 

178 

* 

3.  510 
3.490 
3.475 
3,480 


■  °g10(AIar°  to  peakl, 

*  3  observations  or  less 


TABLE  II 

Table  of  Distance  Factors  (B)  for  Shallow  Events 
for  the  Phase  PP  (from  PP  Average  Figure  3) 


A(deg) 

B 

A  (deg) 

113 

B 

99 

4.220 

4.150 

100 

4.215 

114 

4.145 

101 

4.210 

115 

4.140 

10  2 

4.205 

116 

4.130 

103 

4.200 

117 

4.125 

104 

4.195 

118 

4.120 

105 

4.190 

119 

4.115 

106 

4.185 

120 

4.115 

107 

4.180 

121 

4.110 

108 

4.175 

122 

4.105 

109 

4.170 

123 

4.100 

110 

4.165 

124 

4.090 

111 

112 

4.160 

4.155 

125 

4.085 
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reports  (90°-180°),  01  January  -  30  June  1970. 


magnitude  units.  We  must  remember,  however,  that  thi 
variance  includes  the  variance  of  the  event  P  wave  m 

l) 

values  with  respect  to  the  average  "PKP"  m  .  (Of 
course  each  event's  P  wave  rnb  value  may  also  have  a 
small  standard  deviation  of  the  mean.)  This  variance 
may  be  non- zero  because  for  any  particular  event  the 
PKP  m^ ,  sampling  as  it  does  a  different  portion  of 
the  focal  sphere,  may  have  a  mean  substantially 
different  from  the  P  wave  m^.  However,  over  au  en¬ 
semble  of  earthquakes  with  different  focal  mechanisms 
a  suitably  defined  PKP  should  approach  the  P  wave 

V 

We  might  speculate  that  had  our  m,  values  been 
deteimined  from  PKP  readings,  the  observed  variance 
would  have  been  less  than  0.35.  However,  we  may  note 
that,  when  Veith  and  Clawson  (19  72)  computed  the 
standard  deviation  of  their  P-wave  data  (normalized 
by  P-wave  magnitudes  from  their  own  P-wave  distance- 
amplitude  curve)  they  obtained  a  =  0.356  over  the 
distance  interval  25°-90°.  This  is  not  significantly 
different  from  the  value  of  0.35  we  find  between  90° 
and  180°.  This  indicates  either  that  PKP  has  a 
smaller  variance  about  its  mean  amplitude  than  does 
P,  oi  that  the  network  PKP  can  be  expected  to  be 

wiy  close  to  the  network  P-wave  m^  for  individual 
events  . 

On  Figure  3  we  have  plotted  "short-period"  PKIKP 
and  PKP 2  points  from  Denson  (1952).  The  disagreement 


is  substantial;  but  since  his  entire  curve  comes  from 
a  total  of  only  92  points,  since  his  instrumentation 
was  so  different,  and  since  his  station  set  was  re¬ 
stricted  to  Pasadena,  one  station  in  Mexico,  and  two 
in  South  America,  we  believe  our  curves  are  more 
reliable  as  a  world-wide  average.  Something  of  Denson's 
instrumentation  problems  are  suggested  by  the  fact  that 
for  A>130  he  found  1.5  <  T  <  2.5  seconds  whereas  our 

**  «v 

ISC  data  are  invariably  in  the  period  range  0.8  <  T  < 

1.5  seconds.  Figure  5  from  Subiza  and  Bath  (1964)  re¬ 
inforces  this  point  by  showing  that  the  PKIKP  mean 
period  is  0.88  seconds  for  120°<A<150°. 

Also  in  Figure  3  we  see  that  for  our  straight  line 
interpretation  of  the  PP  data  in  the  interval  100°- 
125  ,  PP  is  between  0.2  and  0.9  magnitude  units  larger 
in  A/T  than  the  first  motion;  P,  Pdi£f,  or  PKP.  Since 
for  PP,  T  is  typically  two  seconds,  A  itself  is  per¬ 
haps  0.3  magnitude  units  even  larger.  For  weak  events 
it  should,  therefore,  be  a  useful  phase  for  magnitude 
determination.  The  PP  curve  was  determined  with  the 
Geotech  amplitude  data,  as  mentioned  in  the  prior  sec¬ 
tion  on  data,  but  there  are  some  problems  in  its  use. 
Cvernden  and  Clark  (1970)  have  pointed  out  that  the 
quiet  stations  in  the  United  States  generally  record 
smaller  P-wave  amplitudes  than  the  noisy  ones.  Since 
the  Observatory  and  LRSM  stations,  from  which  the 
Geotech  data  are  gathered,  were  preferentially  located 
in  quiet  sites,  their  PP  amplitudes  are  also  likely  to 
be  too  small  on  the  average. 
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As  an  illustration,  Figure  6  shows  that  as  a 
lunction  of  distance  there  is  a  difference  of  0.1  - 
0.8  magnitude  units  between  the  average  first  arrival 
amplitudes  reported  by  the  Observatories  and  by  NOAA 
reporting  stations  found  in  the  Earthquake  Data  Re¬ 
ports  . 

Thus,  when  most  of  one's  data  set  comes  from  un¬ 
usually  quiet  stations  it  is  necessary  to  allow  for 
station  effects. 

In  Figure  7  we  have  plotted  the  average  P  P,. 

&  f f 

PKP  curve;  and  the  PP  curve  from  the  Appendix  II 

events  for  LRSM  and  Observatory  data.  To  transfer  the 

data  to  Figure  3  we  assume  that  station-network  effects 

account  for  the  difference  between  the  P.  P,.rr  PKP 

diff, 

curves  in  Figures  3  and  7;  and  therefore  place  the  PP 
curve  of  Figure  7  above  the  P,  Pdi££  PKP  curve  in 
Figure  3  by  an  amount  equal  to  its  distance  above  the 
Figure  7  P,  Pd£££^  PKP  curve.  Also  in  Figure  3  we  have 
plotted  a  few  points  from  Gutenberg  and  Richter  (1956) 
for  PP.  While  we  find  A/T  values  as  much  as  0.35 
units  larger  than  did  Gutenberg  and  Richter,  the  over- 
all  agreement  is  probably  fairly  good  considering  the 
differing  instrumentation. 

Figure  8  presents  the  scatter  in  the  PP  ampli¬ 
tudes.  The  standard  deviation  is  about  0.45  magni¬ 
tude  units,  significantly  larger  than  for  P,  PKP,  et 
al.  This  can  probably  be  traced  to  the  vagaries  of 
the  free  reflection  surface;  or  to  the  fact  the  PP  is 
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NUMBER  OF  OBSERVATIONS  PER  POINT 


Figure  6.  Average  amplitude  versus  distance  curves  (90°-140° 
for  P,  P^iffj  and  PKIKP;  showing  the  bias  between  the  quieter 
Observatory  Stations  and  the  other  NOAA  reporting  stations. 


OBSERVATIONS 


Figure  8.  Individual  amplitude  versus  distance  values  for 
from  Observatory  and  LRSM  readings  (?0°-180°)  18  Julv  1963 
31  October  1368. 


an  emergent  phase  and  that  analysts  are  not  so  prac¬ 
ticed  in  detecting  it,  which  may  lead  to  erroneous  or 
inconsistant  measurements.  A  final  possibility  is 
that  the  NOAA  magnitudes  for  these  events  are  not  as 

reliable  as  the  ISC  magnitudes  for  the  events  in 
/ppendix  I. 

Figure  9  gives  Qamar's  (1973)  careful  phase- 
amplitude  measurements  for  a  single  event.  We  see 
that  in  the  range  142”-15S°  the  dominant  amplitudes 
are  from  the  GH  branch  (see  Figre  2b)  i.e.  PKHKP 
fp,GHorPP- 

Figure  10  compares  the  average  curves  from  Figure 
3  with  IBM  data  (1971).  We  see  that  the  agreement  is 
satisfactory  considering  the  fact  that  the  IBM  data 
is  all  from  a  single  station  and  therefore  will  have 
biases  due  to  station  effects  and  due  to  the  fact  that 
in  any  specific  distance  interval  a  large  proportion 
of  the  events  are  from  only  a  few  epicentral  regions. 
In  addition,  the  IBM  data  includes  deep  events,  where¬ 
as  we  restricted  ourselves  to  those  shallower  than  70 


Figure  11  is  Shurbet's  (1967)  plot  of  his  data 
normalized  to  1.0  at  125”.  We  see  that  the  agreement 
with  our  curve,  also  normalized  at  125°  is  excellent 
except  that  our  amplitudes  are  perhaps  0.2  magnitude 
units  high  between  148”  and  158".  Shurbet  attempted 
to  distinguish  PKIKP,  PKHKP  and  PKP  i„  this  distance 
interval.  Thus  this  discrepancy  could  be  explained 
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Figure  10.  Average  amplitude  versus  distance  curves  from  ISC 
event  data  (90°-180°)  01  January  -  30  June  1970  compared  to  the 
single  station  (LASA)  individual  values  from  IBM  (1971)  . 
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if  in  the  distance  range  148»<A<158«  he  sometimes  suc¬ 
cessfully  rejected  PKHKP  and  PKP., ,  while  for  150°<A< 
158  he  sometimes  successfully  rejected  PKHKP. 


CONCLUSIONS  AND  SUGGESTIONS  FOR  FURTHER  RESEARCH 

The  distance-amplitude  curves  obtained  in  this 
report  for  A>90°  are  thought  to  be  more  accurate  and 
complete  than  any  heretofore  published.  They  should 
be  of  substantial  use  for  determining  more  accurate 
mb  values  and  for  determining  the  number  of  oppor¬ 
tunities  for  masking  explosions  in  earthquakes  more 
distant  than  90°  from  a  candidate  detecting  station. 

A  substantial  reduction  in  the  scatter  of  the  data 
about^these  curves,  e.g.  in  the  P  region  and  for 
>170  ,  could  be  obtained  by  using  more  of  the  avail¬ 
able  ISC  data.  This  might  be  efficiently  accomplished 
using  the  sorting  and  selection  procedures  we  have 
developed  in  this  paper  to  write  a  computer  program 
which  would  operate  on  magnetic  tape  data  available 
from  the  ISC.  Using  only  the  larger  events  from  the 
complete  data  set  will  enable  us  to  evaluate  the 
effect  on  the  distance-amplitude  relations  caused  by 
the  fact  that,  for  weak  events,  the  stations  at  which 
a  phase  arrives  with  unusual  strength  are  more  apt  to 
report.  It  will  also  be  useful  to  compute  station 
corrections  and  use  them  to  reduce  the  scatter  in  the 
data,  although  the  work  of  von  Seggern  (1973)  suggests 
that  there  will  be  little  net  effect. 
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appendix  I 

ISC  Events  (0-70  km) 

01  Jan  70  thru  30  Jun  70 
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APPENDIX  II 

Observatory,  LRSM  and  NOAA  Events  (0-70  km) 


AII-1 
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